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ABSTRACT

Recently, as a great demand for high-strength and high-hardness materials is
rising, improvement in performance of tools which manufacture those materials
is being needed. In this research, we prepared boron-nitride (BN) and silicon
carbide nitride (SICN) thin films using RF plasma CVD method and evaluated
them, and newly developed a plasma spectroscopic measurement instrument by
an image processing method for the purpose of investigation into the
characteristics of plasma.

This paper is composed of 5 chapters. In chapter 1, outlines of RF plasma and
deposition techniques of thin films are discussed.

In chapter 2, development of a plasma spectroscopic measurement,
comparison between newer system and older one, and properness of image
processing techniques are discussed. As results, newer one has compatibility
with older one sufficiently. Besides, noise suppression and improvement of S/N
ratio was achieved by some image processing techniques. Moreover, such
high-speed photography as 983fps was achieved.

In chapter 3, deposition and evaluation of BN thin films using a mixture of
Trimethylborate (TMB: B(OCH3)3), nitrogen, and argon gas is discussed. At the
condition of 10scecm in Ar and N2 flow rate, 80Pa in pressure, 10% in mixture
rate of TMB, 13.56MHz in RF frequency, 2 difference experiments are done:
(1)the substrate electrode was grounded, (2)DC bias voltage was supplied to the
substrate electrode. Substrate was not heated. On the experiment (1), as the
power was set to 80W, the infrared absorption peaks of B-O-N, B-O, and h-BN
became the highest, the hardness of the films turned 2589Hv. On the experiment
(2), as the power was set to SOW, bias voltage to -200V, the infrared absorption
peaks of B-O-N, ¢c-BN, and h-BN became the highest, the hardness of the films
turned 4330Hv, the highest value on this experiment. This results depends on



the smoothing and densification by spattering of Ar* ions. As results, the
deposition of high-hardness BN films using TMB, safety material gas, by a
common charge-coupled plasma CVD method was proposed.

In chapter 4, low-temperature deposition and evaluation of SICN thin films
using a mixture of Tetramethylsilane (TMS: Si(CHs3)4), nitrogen, and hydrogen
gas is discussed. It was found that the temperature of substrate increased
elimination and absorption reaction on the surface, and a fine film could be
deposited at the temperature of 973K. To deposit SICN with lower temperature,
H: flow rate was changed. As results, it was found that Hs flow rate had great
influence on the efficiency of decomposition of TMS. Moreover, the roughness of
substrate was affected by the mixture rate of TMS. We could obtain the films
nearly similar to the 973K ones at the state of 100Pa of pressure, 773K of
substrate temperature, 80sccm of H2 flow rate, and TMS mixture rate of 3% to

5%. In particular, 5% of TMS mixture rate could be considered as the best
condition on this experiment.

In chapter 5, conclusions based on the experiments were descrobed.
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